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Brazil R&D Project 
Transforms the Future
From prototype to standardization, 10 years 
of research and innovation produces the compact 
green transformer.
By Vagner Vasconcellos, CPFL Energia; José Mak, Bueno & Mak Group; 
and Luiz Cera Zanetta Jr., Polytechnic School of University of Sao Paulo

A
fter 10 years of a research and development (R&D) 
project that included the evaluation and testing 
of new insulating materials to reduce production 
costs and provide a more effi cient and environmen-

tally friendly distribution transformer, the result is the transfor-

mador verde compacto, or the compact green transformer. This 
equipment was the result of the development of prototypes of 
distribution transformers and several studies in high-voltage 
laboratories to evaluate and determine the ratings, dimen-
sions and overall performance. 

In the fi rst phase of the project, the aim was to develop 
prototypes of a compact distribution transformer, resulting 
in a vegetable oil (natural ester)-insulated transformer rated 
88 kVA with the same size and dimensions of a 45-kVA conven-
tional mineral oil unit. The second phase was dedicated to de-
veloping an industrial-scale production from the prototypes 
according to standard ratings. The fi nal phrase focused on 
improving losses, effi ciency and design optimization.

Satisfying Many Needs
The project team was confronted by a 

plethora of sometimes-confl icting distribu-
tion transformer needs: extend the service 
life, lessen the maintenance costs, reduce 
the failure rate, increase the supply quality 
and improve the availability. Of course, these 
needs drive the development of new materi-
als, new criteria from electrical systems and 
new asset management concepts. 

This R&D project was funded by Brazil’s 
Agência Nacional de Energia Elétrica R&D 
program from utilities of the CPFL Group, 
in a partnership with CGTI, Itaipu Transfor-
madores and Cargill. The latter supplied the 
vegetable oil (natural ester) and was a partner 
through all phases of the R&D project.

The project took into consideration al-

ternative oils featuring better oxidation stability, better heat 
transfer, extended service life, lower operating temperatures, 
higher thermal stability and lower maintenance cost. These 
were coupled with a higher biodegradability rate and reduced 
environmental impact.

In order to comply with all these requirements, the goal 
of the project was to develop a new distribution transformer 
using fl uid and solid insulation materials already available on 
the market. Alternative insulation materials such as insulating 
papers made from polyaramids, and insulating oils from mix-
tures of polyalphaolefi n and aromatic hydrocarbons, or made 
from vegetable oils, also were evaluated. The most viable tech-
nical and economical alternatives were identifi ed. 

The transformers were applied in a typical region to evalu-
ate the performance in real-life fi eld conditions. The result 
was a new distribution transformer that uses more effi cient 
and environmentally compatible insulating materials while 
signifi cantly reducing manufacturing and maintenance costs. 

Conventional Three-Phase Transformer

Power: 45 kVA

Tensions (high): 13,800/11,400 V 

Tensions (low): 220/127 V

Weight: 959 lb (435 kg)

Volume: 24 gal (90 liters)

Green Three-Phase Transformer

Power: 88 kVA

Tensions (high): 13,800/11,400 V 

Tensions (low): 220/127 V

Weight: 772 lb (350 kg)

Volume: 21 gal (81 liters) 

(biodegradable oil)

Price/kVA (estimated): R$53.40

Comparison of a conventional transformer with a green transformer.
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Life Span Extension 
Currently, the life span of distribution transformers is ap-

proximately 20 years, depending on the load at which the 
transformers are specified. During the first year of this study, 
there was an assessment done about thermal efficiency solu-
tions that could be applied in transformers, mainly through 
the use of new insulating oils. Data was gathered on the manu-
facturing procedures and methodologies currently applied in 
transformer design. The study investigated experiences and 
attempts to reduce production costs through efficiency gain 

as well as possible problems associated with the use of new  
materials.

During the next phase, performance of the insulating ma-
terials, selected through investigative tests in a chemical labo-
ratory, were compared. The best solution was selected to be 
part of the distribution transformer prototype development, 
subsequently evaluated at a high-voltage laboratory to deter-
mine the ratings, dimensions and overall performance.

The compact three-phase transformer prototype, built in 
a 45-kVA transformer tank, had the following characteristics:

A CPFL Energia technical team installs a 45-kVA size-rated 75-kVA 
green transformer.

This is an example of a 45-kVA size-rated 75-kVA green transformer in a 
typical pole-mounted CPFL installation.
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• Hybrid transformer with a normal core
• Power of 88 kVA
• Tensions of 13,800/11,400 V at high tension
• Tensions of 220/127 V at low tension
• Biodegradable oil of 21.4 gal (81 liters)
• Weight of 772 lb (350 kg)
• Total losses of 1969 W
• No-load losses of 236 W.
The approved prototypes, which served as a basis for the 

industrial-scale production, were those insulated with biode-
gradable, natural ester-based insulating fluid. The insulating 
paper used was conventional Kraft paper.

Lowest Cost per Kilovolt-Amp
Because the size and ratings of the new transformers (88 

kVA) do not conform to existing ratings and standards, the 
new transformer was compared to the existing 45-kVA mineral 
oil unit; both have the same external dimensions and design. 
The new transformer losses were compared with a 75-kVA 
transformer, as it is the closest power rating available.

There was a substantial weight reduction, from 959 lb to 
187 lb (435 kg to 85 kg), reducing the resources needed for 
equipment installation and maintenance, as well as requir-
ing less mounting hardware (crosshead, bracket and screws). 
Along with the weight reduction was a reduction in the volume 
of oil used by the new transformer compared with the 75-kVA 
transformer, 27 gal (102 liters) of mineral oil versus 21 gal  
(81 liters) of vegetable oil.

The alterations made in the new transformer helped to re-
duce the price of the equipment, comparing the unit price of 
the kilovolt-amps of the existing 45-kVA transformer with the 
new price.

Production Scale
The original project did not show 

any noncompliance, and there were 
no malfunction or abnormal events. 
However, the team agreed a larger 
population was necessary for perfor-
mance evaluation. Statistically, five 
transformers in a space of more than 
180,000 units in operations at CPFL 
was an insignificant ratio. 

In early 2007, an additional 250 
units were installed in key critical 

points of the CPFL distribution grid. In the following years, 
the project or maintenance teams installed many more units, 
reaching a population of 5000 units.

Economic Analysis
Once the scale-production phase was concluded, the proj-

ect started to develop a 75C° (105F°) temperature rise design. 
This explored the better thermal performance of the insulat-
ing vegetable oil versus the mineral oil, and aimed to reduce 
no-load losses while maintaining total losses. 

The reduction of no-load losses has a significant impact on 
the utility technical losses because it is constant and has no 
relation to the transformer load. The savings generated by re-
ducing no-load losses compensates for the higher initial cost of 
the compact green transformer over a span of just a few years. 
This allows justification of a higher initial purchase value.

The purchase price of a compact green transformer com-
pared with that of a conventional mineral oil transformer is 
5% to 12% higher because natural esters are used. A simula-
tion was performed considering several ranges of transformer 
loading and their respective losses. A 75-kVA, 15-kV trans-
former was used as a basis for the simulation, as it presents a 
relevant quantity installed in the utilities of the CPFL Group.

After analyzing the reduction of losses versus loading, it 
was realized, for transformers with a low load factor, the loss 
reduction is higher, reaching 40% in some cases. These trans-

Price Variation for a Compact Green Transformer  
vs. a Conventional Transformer

Power (kVA) Voltage Class (kV) Variation (%)

30.0 15 7.0

25 4.7

45.0 15 6.9

25 5.1

75.0 15 7.4

25 11.3

112.5 15 11.8

Electric Losses for Compact Green Transformer vs. Conventional Transformer

NBR 5440/2014 Compact Green Transformer

Power  
(kVA)

Voltage Class
(kV)

No-Load Loss 
(W)

Total Loss
(W)

No-Load Loss 
(W)

Total Loss 
(W)

30.0 15 150 695 128 695

30.0 25 160 790 114 790

45.0 15 195 945 140 945

45.0 25 215 1055 155 1055

75.0 15 295 1395 194 1395

75.0 25 315 1550 198 1550

112.5 15 390 1890 246 1890

Linemen install a green transformer on an overhead distribution line.
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Summary of Values Obtained for 25-kV Class Distribution Transformers

Loading 
(%)

Power  
(kVA)

Loss Variation 
(W)

Annual Energy
(MWh)

Annual Gain Return on Investment 
(Years)

Loss Reduction 
(%)

65

30 52.90 0.46 R$47.73 3.5 12

45 82.33 0.72 R$74.28 2.8 13

75 129.47 1.13 R$116.82 5.0 14

formers are common in rural areas where no-load loss is more 
significant and its reduction generates large optimization 
gains with a faster return on investment (ROI). 

Most transformers operate with a load factor of about 
70%. Analysis led to the conclusion, for load factor of 65%, 
the reduction in losses is approximately 14% per 75-kVA trans-
former. The smaller the transformer load, the quicker the ROI 
when comparing the green transformer with the conventional 
mineral oil transformer.

The ROI time varies between approximately three years 
and six years, depending on the transformer load. Consider-

ing most distribution transformers operate with a load factor 
of 65%, the average time for ROI will be about four years.

The results of the economic analysis were encouraging for 
the compact green transformers. The ratings that presented 
the best ROI are also for the units with higher quantities in-
stalled in the CPFL grid. This analysis helps to guide the selec-
tion of transformers to be replaced in case of failure or asset 
depreciation.

Investing in Research
The overall result of this research effort — from produc-

Summary of Values Obtained for 15-kV Class Distribution Transformers

Loading  
(%)

Power  
(kVA)

Loss Variation 
(W)

Annual Energy 
(MWh)

Annual Gain Return on Investment 
(Years)

Loss Reduction 
(%)

65

30.0 43.27 0.38 R$39.04 6.2 11

45.0 69.44 0.61 R$62.65 4.6 13

75.0 110.23 0.97 R$99.46 3.8 14

112.5 154.29 1.35 R$139.21 5.2 14

E N E R G Y  I N F R A S T R U C T U R E  P R O J E C T S  B Y  M O R T E N S O N
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tion of the first prototypes to optimization of the final product 
— is a more compact, efficient and environmentally friendly 
distribution transformer. The compact green transformers 
are smaller and have significantly lower no-load losses while 
maintaining the original total losses.

Compatibility tests confirmed the suitability of the materi-
als chosen, resulting in more robust equipment. The results of 
the electrical tests demonstrate that despite being compact, 
the compact green transformer presents better performance, 
can withstand higher temperature rises and, consequently, 
higher load. 

The development of the compact green transformer 
through a R&D project shows the importance of investing in 
research, which contributed to the development of a new distri-
bution transformer using conventional materials in addition to 
an insulating vegetable fluid with better thermal performance.

In 2014, the eight utilities formed by the CPFL Group con-
verted to compact green transformers as their standard solu-
tion for new distribution transformer acquisition. 
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